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ABSTRACT
Aim and objective: The aim of the study is to analyze and
compare the variation of lumen size and thickness of the
elastomeric colored modules when immersed in four selected
dietary media.
Materials and methods: Sample size of 40 modules on each
color – such as red, blue, green, and black – was taken and
immersed in four dietary media (artificial saliva, coke mixed with
artificial saliva, turmeric mixed with artificial saliva, and coffee
mixed with artificial saliva). Beakers containing different dietary
media and color modules are kept in the incubator at 37°C for
72 hours. After incubation period, all the segments of module
strips removed from the dietary media were placed under the
electric lamp and photographs were taken using Canon camera
(SX400 IS). Photographs were transferred to GIMP software, and
lumen size and thickness variation in the modules was measured.
Results: Statistical analysis were performed using analysis of
variance and t-test in Statistical Package for the Social Sciences
software. It showed significant difference in thickness of black
module in all dietary media. Significant difference existed between
all the lumen sizes of four color modules in four dietary media.
Conclusion: This study was done to identify the material that
has more changes in physical properties when exposed to
various dietary media.
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Clinical significance: According to the results obtained, black
color modules have increased in lumen size in all dietary media.
In thickness, red color module showed less variation and black
color module exhibited more variation.
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INTRODUCTION
Advances in orthodontic treatment have helped the clinician to effectively treat the patient. Newly introduced
materials satisfy the patient esthetically during the
treatment. Modules after being introduced have gained
instant popularity because of its use and reduction in
chair-side time.1
Even though the physical properties of these color
modules are tested before clinical use, orthodontists have
found minor physical changes in the color modules in
the oral environment, especially in the case of physical
properties, such as content of color and dimension. The
dimensional changes, such as variation in the thickness
and lumen size, are the factors to be noted, especially
when it is incorporated in various dietary media. These
variations can interrupt the light continuous force produced by them.

Aim
The aim of the study was to analyze the lumen size and
thickness of different color elastomeric modules by exposing them to various dietary media.2
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Figs 1A and B: Color modules

MATERIALS AND METHODS
Four dietary media, such as artificial saliva, coke mixed
with artificial saliva, turmeric mixed with artificial saliva,
and coffee mixed with artificial saliva are equally divided
into four parts of 25 mL for each color module.3 Color
modules were procured (blue, black, green, and red)
(Fig. 1) from American Orthodontics of 160 numbers
totally, and each color module was immersed in four
dietary media. All beakers were placed in an incubator
at 37°C for 72 hours (Fig. 2). After the incubation period,
modules were removed and placed under the electric
lamp and photographs were taken using Canon 20 megapixel camera (SX400 IS). The camera was placed at a distance of one foot on a stable wooden box. Photographs were
taken (Fig. 3) with 20 times magnification.4 Photographs
were transferred to the computer and using the GIMP
software,5 inner diameter and the outer diameter were
measured to determine the lumen size and thickness variation in the modules. In this study, the unit of measurement
of lumen size and thickness was obtained in inches (Fig. 4).

A

Fig. 2: Samples in incubator at 37°C

RESULTS
Important significance existed between the lumen size of
modules when immersed in various dietary media, with
p < 0.05. The black color module lumen size is increased in

B
Figs 3A and B: Images obtained using digital camera
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GIMP software analyzed black color modules immersed
in artificial saliva showed more variation in the lumen
size compared with the other color modules (blue, green,
and red). Lumen size of the black color modules increased
when compared with the standard lumen size by 0.003
inch. This increase in lumen size of the black color module
may be utilized to the advantage by using these modules
in friction mechanism, where the wire passes through the
bracket slot to induce tooth movement. Lumen size of
the red color module has decreased when compared
with the standard lumen size by 0.001 inch, which is
less compared with the other modules. Since the red
color module lumen size is decreased compared with

the standard value, clinically we can assume that more
force is generated in the bracket wire interface to achieve
maximum results and to reduce treatment duration.6
Blue color module lumen size is increased by 0.001 inch
than the standard lumen size, and green color module
is 0.002 inch than standard lumen size. von Fraunhofer
et al7 described that the artificial saliva affects the elastic
property. Similar to artificial salivary medium, coke mixed
with artificial saliva also shows significant variation in the
lumen size of black color modules compared with other
samples in this medium. The lumen size of black color
modules in this medium is 0.048 inch, which is 0.003 inch
more than the manufacturer standard value. Green color
module lumen size in artificial saliva is 0.046 inch, which
is increased by 0.001 inch compared with the standard
value. Lumen size of the red color module in artificial
salivary medium is maintained with same standardized
lumen size of 0.045 inch. If unwanted tooth movement
has to be avoided, red color module can be advised to the
patient, whereas blue color module lumen size is 0.043
inch and it is reduced by 0.002 inch than the standard
lumen size provided by the manufacturer. This decrease
in lumen size of blue color modules exposed coke mixed
with artificial saliva might be due to the pH 2.05 of coke.
Hence, the orthodontic patients consuming more quantity
of coke will affect the lumen size of the blue color module
by decreasing it by 0.003 inch; this alteration of lumen
size of this module can be utilized in initial phases where
arch wire should be completely adapted in the bracket
slot for the correction of crowding as these modules
generate comparatively more amount of force. Leandro
et al8 determined that the coke solution is modifying the
property of black color module. The third dietary media is
the combination of turmeric with artificial saliva. Lumen
size of black color module is increased by 0.002 inch than
the standard value in this medium. There is no variation

Graph 1: Lumen size of colored modules after being exposed
to various dietary media

Graph 2: Thickness of colored modules after being exposing to
various dietary media

Fig. 4: Analysis using GIMP software

the medium of coke mixed with artificial saliva compared
with lumen size of other samples (Graph 1). A significant
difference existed between the thicknesses of modules
when immersed in various dietary media, with p < 0.05.
Black color module thickness is more reduced in all
dietary medium compared with other samples (Graph 2).

DISCUSSION
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in the lumen size of blue color modules. These modules
can be used as active lacebacks in baseline test mechanics
for retraction. This might be due to pH of turmeric as there
is no substantial difference in the lumen size. Lumen size
variation of green and red color modules is same as 0.043
inch; these are 0.002 inch lesser than the standard lumen
size. Red and green color modules can be advised for the
patients, who add more amount of turmeric to their diet.
These color modules can be utilized for active tie back
during retraction phase. The use of turmeric as dietary
media showed greater variation in the physical property
of the elastomeric chain.5 Nattrass et al9 have analyzed the
effect of environmental medium on color modules and
showed that turmeric demonstrated the greatest force loss
and this continued until the end of the 7 day test period.
Artificial saliva is mixed with coffee powder; green
color modules have a lumen size of 0.046 inch, which is
slightly higher than the standard value by 0.001 inch. In
the diet chart of the patient, if frequency of coffee consumption is more, green color module can be advised for
the patient to prevent friction resistance. Black and blue
color modules have no alteration in the lumen size in this
medium, and it is maintaining the standardized lumen
size. According to the diet, blue or black color modules
can be placed to avoid unwanted tooth movement. Red
color module lumen size is 0.043 inch, which is reduced
by 0.002 inch compared with the standard lumen size.
Red color modules can be given in coffee-consuming
patients in the initial aligning phase, but the periodontal
condition of the patient should be observed as most of
the patients are adults. Thickness evaluation of the color
elastomeric module is determined after immersion of the
colored modules in various dietary media for 72 hours at
37°C. The increase in surface area, i.e., the thickness of the
module can increase the microbial absorption and accumulation. The value of thickness is given by the manufacturer and reevaluated for this study and analyzed as
0.07 inch. According to the result obtained, the thickness
of the colored modules is reduced compared with the
manufacturer value, i.e., the thickness of colored modules
is reduced after immersing in the dietary medium for
72 hours at 37°C. Thickness of the elastomeric colored
modules was analyzed after exposing to artificial salivary
medium and compared with the standard value given by
the manufacturer.
In the medium of artificial saliva, thickness variation
of black color module is of 0.034 inch and, i.e., reduced by
0.036 inch than the standard value. Green color module
thickness is also reduced by 0.036 inch compared with
the manufacturer value. Thickness of blue color module
is 0.037 inch in the medium of artificial saliva; this thickness is less than the normal value by 0.033 inch. Red
color module thickness is 0.038 inch; the difference of this

thickness from the standard value is by 0.032 inch. When
the thickness is reduced, the complete engagement of wire
in the bracket slot is not possible because force application on the wire is not adequate and the elasticity of the
modules was decreased. The effects of reduction in thickness may lead to decrease in strength and elasticity and
may ultimately lead to tear of modules. von Fraunhofer
et al7 have evaluated the loss of elasticity of elastomeric
chain in artificial saliva.
In the dietary medium of coke mixed with artificial
saliva, thickness of the black color module is 0.035 inch;
this value is less than the standard value by 0.035 inch.
Blue color module thickness is 0.036 inch, which is
reduced compared with the manufacturer value by 0.034
inch. Green color module has reduced thickness of 0.036
inch, and it is reduced by 0.034 inch than standard value.
Thickness of red color module in this dietary media is
0.037 inch; this color module is also reduced than the
manufacturer value by 0.033 inch. In the overall comparison of the thickness of color modules, it is determined that
the black color module thickness is reduced more than
the standard value. This variation in thickness may lead
to tear of modules when used with heavy wires during
retraction phase.
Leandro et al8 suggested that the pH of coke has
modified the physical property of black color module. In
the medium of artificial saliva with turmeric, black color
module has the thickness of 0.034 inch, which is less than
the standard value of 0.07 inch. The variation of thickness
of the black color module is 0.036 inch. Thickness of blue
color module is reduced to 0.036 inch from the standard
value by 0.034 inch. Green color module has reduced
the thickness to 0.038 inch, which is 0.032 inch less than
the standard value. There is reduction in the thickness
of red color modules in this medium to 0.035 inch and it
has reduced by 0.035 inch compared with the standard
value. Comparing all the four colors, black color module
thickness is reduced more in this medium. When the
thickness of color modules is reduced, less amount of
microorganism gets accumulated, but the modules may
not perform as prescribed by the manufacturer, even
though the modules are not stretched there is a huge
decrease in thickness; there might be more reduction
in thickness when placed in the oral cavity. Turmeric
showed greater variation in the physical property of the
elastomeric chain.5 Nattrass et al9 analyzed the force loss
of modules when tested in turmeric medium. Thickness
of the green color module is 0.035 inch, and this value is
decreased than the standard value by 0.035 inch when
immersed in artificial saliva with coffee. Black color
module thickness is reduced to 0.036 inch, which is less
than the value provided by the manufacturer. The variation of black color module thickness from the standard
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value is 0.034 inch. Thickness of blue color module and
red color module is reduced to 0.037 inch; the difference in the thickness of blue color module and red color
module with the standard value is 0.033 inch. Red and
green color module can be provided, in which thickness
is not much reduced comparatively. Due to the severe
reduction in thickness, elastic properties of the modules
may be lost and is less effective to hold the wire in the
bracket slot. Overall, evaluation of thickness of all four
color modules in all the four dietary media showed a significant reduction in the thickness of the modules. These
reductions in the thickness may cause loss of elasticity,
which is a prime factor and force degradation. Due to
this decrease in thickness, these may lead to tear of the
module when heavy wires or heavy forces are applied
on these modules.10

CONCLUSION
Knowledge of dietary intake of the orthodontic patient
is very important as these dietary products influence the
material characteristics used by the orthodontists in the
oral cavity. Different orthodontic materials react unusually in the oral cavity to various dietary media. These
products exhibit several physical and structural changes
when subjected to various dietary media. These changes
can influence the biomechanics directly or indirectly.
This study was done to identify the material which
has more changes in physical properties when exposed to
various dietary media. This study reveals that black color
modules had a tendency for increasing lumen size in all
the dietary media, whereas red color modules exhibited
least deviation in all the four dietary media. In thickness
variation, all the color modules showed a significant
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decrease in thickness, among those black color module
expressed maximum decrease in thickness.
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